The initial employment of 1,3-propanediol (pdH 2 ) in the synthesis of 3d/4f metal clusters has afforded a new family of tetranuclear [Mn 2 Ln 2 O 2 {(CH 3 ) 3 CCO 2 } 8 {(CH 3 ) 3 CCO 2 H} 2 (pdH 2 ) 2 ] (Ln = Dy, 1; Gd, 2; Ho, 3) complexes. Compounds 1-3 represent new additions to the small family of Mn III 2 Ln 2 clusters possessing planar or diamond-like cores. Variable-temperature, dc and ac magnetization measurements were performed on compounds 1-3 and revealed the existence of very weak antiferromagnetic exchange interactions between the metal centers leading to a ground state spin value S = 5 in case of 2·2(CH 3 ) 3 CCO 2 H·2H 2 O.
INTRODUCTION
The synthesis and characterization of 3d/4f polynuclear compounds has been attracting intense interest from several research groups around the world during the last years. This interest stems from diverse reasons, including the aesthetically pleasing structures and architectures that many such molecular clusters possess and their interesting and often novel magnetic properties since they sometimes behave as nanoscale magnets or, as these magnetic materials are more well -known, as single-molecule magnets (SMMs) [1] [2] [3] . SMMs are discrete molecules that exhibit slow relaxation of the magnetization at low temperatures and display magnetic hysteresis analogous to that observed in bulk magnets, thus represent a molecular approach to nanomagnetism. The magnetic behavior of these species results from the combination of a large ground spin state (S) with a large and negative Ising (or easy-axis) type of magnetoanisotropy, as measured by the axial zero-field splitting parameter, D. Most trivalent lanthanides possess large single-ion anisotropy, and the idea was to take advantage of it and generate 3d/4f SMMs distinctly different from the homometallic 3d ones. Although the interesting magnetic behavior of mixed 3d/4f species was initially demonstrated in 1985 by Gatteschi and coworkers through the discovery of the existence of ferromagnetic exchange interactions between Gd(III)-Cu(II) ions, the first 3d/4f SMM was a Cu 2 Tb 2 complex reported in 2004 [4b] . This finding resulted in the rapid development of 3d/4f *Address correspondence to this author at the Department of Chemistry, University of Cyprus, Nicosia 1678, Cyprus; Tel: ++357 22892765; Fax: ++357 22895451; E-mail: atasio@ucy.ac.cy cluster chemistry as an approach to new molecule -based magnets and to the isolation of several 3d/4f SMMs, the vast majority of which are polynuclear Mn/Ln clusters [5] [6] [7] [8] [9] [10] .
It is thus not surprising that many research groups around the world have been intensively investigating mixed 3d/4f metal cluster chemistry developing several synthetic approaches that have afforded a variety of polynuclear heterometallic complexes with novel topologies and interesting magnetic properties. One of these approaches includes the employment of alkoxide containing ligands which combine very promising features for the synthesis of new 3d/4f compounds due to the ability of their hard RO -groups to coordinate to oxophilic Ln III ions and also to bridge a large number of metal ions [11] . As a result, several such ligands were successfully employed in 3d/4f cluster chemistry including various derivatised salicylaldoximes [8] , 2-(hydroxyalkyl)pyridine derivatives [12] , aliphatic aminopolyalcohols (e.g. diethanolamine, triethanolamine, N,N,N',N'-tetrakis(2-hydroxyethyl)ethylenediamine, etc) [13, 14] , di-2-pyridylketone derivatives [15] , etc.
Our group has been exploring over the last few years reactions that involve use of 1,3-propanediol (pdH 2 ) and its derivatives in Mn and mixed Mn/3d carboxylate chemistry, as a route to new polynuclear clusters and SMMs. These studies have afforded several new polynuclear clusters, possessing unprecedented metal topologies and interesting magnetic properties [16] These species represent the initial examples of Ln -containing (mixed metal 3d/4f or homometallic 4f) propanediol clusters. The syntheses, crystal structures and magnetic properties of these compounds are described in this work.
EXPERIMENTAL

General and Physical Measurements
Elemental Microanalyses (C, H, N) were performed by the in-house facilities of the University of Cyprus, Chemistry Department. IR spectra (4000-400 cm -1 ) were recorded on a Shimadzu Prestige-21 spectrometer with the samples prepared as KBr pellets. Variable temperature, solid-state direct current (dc) magnetic susceptibility data down to 1.8 K were collected on a Quantum Design MPMSXL SQUID magnetometer equipped with a 7 T dc magnet. Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascal's constants [17] . 
Syntheses
[Mn
Single Crystal X-Ray Crystallography
Data were collected on a SuperNova A Oxford Diffraction diffractometer, equipped with a CCD area detector and a graphite monochromator utilizing Mo-Ka radiation ( = 0.71073 Å). Suitable crystals covered with paratone-N oil were scooped up in cryo-loops at the end of a copper pin and transferred to a goniostat where they were cooled for data collection. Empirical absorption corrections (multi-scan based on symmetry-related measurements) were applied using CrysAlis RED software [18] . The structures were solved by direct methods using SIR92 [19] and refined on F 2 using full-matrix least squares with SHELXL97 [20] . Software packages used: CrysAlis CCD for data collection [18] , CrysAlis RED for cell refinement and data reduction [18] , WINGX for geometric calculations [21] , and DIAMOND [22] for molecular graphics. The non-H atoms were treated anisotropically, whereas the hydrogen atoms were placed in calculated, ideal positions and refined as riding on their respective carbon atoms, except of the H atoms of the OH -groups of the pdH 2 ligands and those of the -CO 2 H groups of the neutral pivalic acid molecules that were located and freely refined. Unit cell data and structure refinement details for compounds 1·2(CH 3 
The Mn II /Mn VII ratio employed in the reaction mixture gives an average Mn oxidation state in the solution of 3+ which is in accordance with the existence of Mn 3+ ions in compounds 1-3. In order to further investigate the reaction system that yielded compounds 1-3, several modifications were applied in the reaction conditions including small variations in the molar ratio of the reactants, the reaction solvent (use of MeCN, CH 3 -and PF 6 -). These reactions confirmed that such modifications do not influence the identity of the isolated product but in some cases they affect its crystallinity and/or reaction yield. Finally, a series of experiments in the presence of base (NEt 3 , NBu 4 OH, NaOMe, etc) were performed and resulted in oily or amorphous materials that could not be further characterized.
Reactions that involve use of Mn((CH 3 ) 3 CCO 2 ) 2 as a starting material and/or a base and do not include addition of (CH 3 ) 3 CCO 2 H are currently in progress targeting to the isolation of species containing the fully deprotonated form of the pdH 2 ligand.
Crystal Structures
Representations of the molecular structure and the structural core of compound 1·2(CH 3 ) 3 CCO 2 H·2H 2 O are presented in Fig. (1) , and selected interatomic distances and angles are listed in Table 2 Symmetry code: = 3/2-x, 1/2-y, 1-z.
bonds, see below), and the observation of Jahn-Teller distortions of the Mn III ions which take the form of axial elongation of the O4-Mn1-O11 and its symmetry related axes. The JT axes are aligned parallel as a result of the symmetry of the compound and are oriented roughly along the long axis of the [Mn 8+ core.
To estimate the closer coordination polyhedra defined by the donor atoms around the Ln ions, a comparison of the experimental structural data with the theoretical data for the most common polyhedral structures with 9 vertices [27] was performed by means of the program SHAPE [28] . As there are no Platonic, Archimedean or Catalan polyhedra with nine vertices, and as no prisms or antiprisms can be made with an odd number of vertices, the main semiregular threedimensional figures that may be considered [27] are the octagonal pyramid, the heptagonal bipyramid and five Johnson polyhedra (capped cube, capped square antiprism, tricappe trigonal prism, tridiminished icosahedron, triangular cupola). The best fit was obtained for the capped square antiprism with the capping atom being O8. 14, 23] . Note that this family of compounds is of special interest from magnetic point of view because their ground state spin values often become sensitive to the Mn ··· Mn and Mn ··· Ln exchange parameters ratio, thus they represent excellent systems for the study of spin frustration effects (spin frustration is defined in a general sense as the presence of competing antiferromagnetic interactions [29] ) [12a] and in their majority, display interesting magnetic behavior.
Magnetic Properties
Solid state, variable-temperature magnetic susceptibility measurements were performed on vacuum-dried microcrystalline samples of complexes 1-3 suspended in eicosane to prevent torquing. The dc molar magnetic susceptibility ( M ) data were collected in the 5.0-300 K range in a 0.1 T (1000 Oe) magnetic field, and are shown in Fig. (3) Attempts were performed to simulate the dc magnetic susceptibility data by applying the van Vleck equation [30] to the Kambe's vector coupling scheme [31] and deriving a theoretical versus T expression for 2·2(CH 3 ) 3 CC-O 2 H·2H 2 O. The isotropic Heisenberg spin Hamiltonian employed is given by Eq. (2), where J 1 denotes the Mn Mn interaction between the 'body' Mn atoms and J 2 denotes the Mn Gd interactions on the four edges. The Gd Gd interaction is assumed to be zero and is omitted from Eq. (2).
Despite our intense efforts, which involved several variations of the temperature-independent paramagnetism (TIP) and the paramagnetic impurity terms and also other modifications in the theoretical versus T expression parameters, it was not possible to achieve an acceptable fit of the dc data of compound 2·2(CH 3 ) 3 CCO 2 H·2H 2 O. We assume that our failure to obtain a reasonable fit is due to the fact that all the exchange interactions in 2 are very weak, a situation that is as expected for Mn III -Gd and not unusual for Mn III -Mn III interactions [6, 14, 23] . In fact, the exact same situation, i.e. existence of weak exchange interactions that prevented from a successful dc fit was also realized in a related compound containing a [Mn In order to confirm the ground state spin value for compound 2·2(CH 3 ) 3 CCO 2 H·2H 2 O, variable temperature and field magnetization measurements were performed in the 2-7 K and 1-7 T ranges (Fig. S1, Supporting Information) . The magnetization is saturated at fields higher that 5 T and extrapolation of the plateau to 0 K gives a value of M/Nμ 10 suggesting an S = 5 ground state (g = 2) supporting thus the conclusions from variable temperature dc measurements.
In order to independently probe the spin ground state value of compound 2·2(CH 3 ) 3 CCO 2 H·2H 2 O, as well as investigate the magnetization dynamics of 1·2(CH 3 ) 3 CC-O 2 H·2H 2 O and 2·2(CH 3 ) 3 CCO 2 H·2H 2 O, alternating current (AC) magnetic susceptibility measurements were performed in the 2-10 K temperature range in a 3.5 Oe ac field oscillating at 9 -1490 Hz. Ac susceptibility studies are a powerful complement to dc studies for determining the ground state of a system, because they preclude any complications arising from the presence of a dc field. The in-phase ( ' ) components of the ac magnetic susceptibilities for 1·2(CH 3 ) 3 CCO 2 H·2H 2 O and 2·2(CH 3 ) 3 CCO 2 H·2H 2 O are presented in Fig. (4) Obviously, a rationalization of the S = 5 spin ground state of 2·2(CH 3 ) 3 CCO 2 H·2H 2 O on the simple basis of arrows "up" and "down" could not be performed. In particular, there are four possible combinations for the nature of the two exchange couplings J 1 and J 2 which, in the format (J 1 , J 2 ), are: (F, F), (F, AF), (AF, F) and (AF, AF). (F, F) situation leads to a |11, 4, 7> ground state, the maximum possible S T for 2·2(CH 3 ) 3 CCO 2 H·2H 2 O, for all relative magnitudes of J 1 and J 2 , i.e., for all J 2 /J 1 ratios. Similarly, (F, AF) leads to a |3, 4, 7> ground state for all J 2 /J 1 ratios. In contrast, the (AF, F) 14, 23] with planar butterfly (or rhombus) core and represent the initial compounds prepared from the use of pdH 2 in mixed metal 3d/4f cluster chemistry. Dc and ac magnetic susceptibility studies were performed on polycrystalline samples of 1-3 and revealed the existence of very weak antiferromagnetic exchange interactions between the metal centers leading to a ground state spin value S = 5 for 2.
The present work demonstrates the potential of the completely unexplored coordination chemistry of ligand pdH 2 and its derivatives in 3d/4f metal cluster chemistry to become a fruitful source of new compounds with interesting structural types and possibly magnetic properties. Further studies, towards the synthesis of high nuclearity Mn/Ln clusters containing the fully deprotonated form of this ligand are currently in progress and will be reported in due course.
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SUPPLEMENTARY DATA
CCDC 927009 -927011 contain the supplementary crystallographic data for 1-3. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1 EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Fig. (4) . In phase ac susceptibility ( ' ) signals, plotted as ' M T vs. T for complexes 1·2(CH 3 
